Carcass and live-animal measures from 1,029 cattle were collected at the Iowa State University Rhodes and McNay research farms over a 6-yr period. Data were from bull, heifer, and steer progeny of composite, Angus, and Simmental sires mated to three composite lines of dams. The objectives of this study were to estimate genetic parameters for carcass traits, to evaluate effects of sex and breed of sire on growth models (curves), and to suggest a strategy to adjust serially measured data to a constant age end point. Estimation of genetic parameters using a three-trait mixed model showed differences between bulls and steers in estimates of h 2 and genetic correlations. Heritability for carcass weight, percentage of retail product, retail product weight, fat thickness, and longissimus muscle area from bull data were .43, .04, .46, .05, and .21, respectively. The corresponding values for steer data were in order of .32, .24, .40, .42, and .07, respectively. Analysis of serially measured fat thickness, longissimus muscle area, body weight, hip height, and ultrasound percentage of intramuscular fat using a repeated measures model showed a limitation in the use of growth models based on pooled data. In further evaluation of regression parameters using a linear mixed model analysis, sex and breed of sire showed an important ( P < .05) effect on intercept and slope values. Regression of serially measured traits on age within animal showed a relatively larger R 2 (62 to 98%) and a smaller root mean square error (RMSE, .09 to 8.85) as compared with R 2 ( 0 to 58%) and RMSE (.31 to 67.9) values when the same model was used on pooled data. We concluded that regression parameters from a within-animal regression of a serially measured trait on age, averaged by sex and breed, are the best choice in describing growth and adjusting data to a constant age end point.
Introduction
Several reports have emphasized the importance of real-time ultrasound ( RTU) technology as a tool for measurement of carcass merit in beef cattle. Issues such as accuracy and repeatability of RTU measures as well as effects of technician experience and machine type have been addressed elsewhere (McLaren et al., 1991; Perkins et al., 1992; Herring et al., 1994) . Similarly, Hamlin et al. (1995) , Greiner et al. (1995) , and Williams et al. (1997) reported a predictive ability of live and RTU-based models that was comparable to carcass equations for the prediction of percentage of retail product ( PRP) and retail product weight ( RPW) .
In a value-based marketing system, the viability of the beef industry depends on the ability to produce a high-quality, consistent end product. This can be achieved through a clear understanding of lean and fat growth in various sexes and breeds of feedlot cattle. Thus far, reports on this topic are limited, not only in number, but also in scope, because they have involved a single sex (Duello, 1993; Hamlin et al., 1995) .
Even though the need for RTU technology is well established, specific questions need investigation prior to its ultimate application. Some of these include determining the best data collection strategy and knowing how to adjust data to the most appropriate end point. The objectives of this study were to 1 ) estimate genetic parameters when carcass traits are collected from feedlot cattle of different sexes, 2 ) describe effects of sex and breed on growth and composition of feedlot cattle, and 3 ) determine the best strategy to adjust serially measured traits to a constant age end point.
Materials and Methods

Description of Data
Data in this study included live and carcass information from 1,029 cattle fed at the Rhodes and McNay research farms of Iowa State University ( ISU) . These cattle were part of a serial scan and serial slaughter project designed to evaluate sex, age, and frame size differences in carcass composition. Data in 1991 were from progeny of composite sires from the previous ISU beef breeding project. Breed composition of cattle in this project is described by Buttram and Willham (1989) and Northcutt et al. (1991) . The rest of the data from 1992 to 1996 came from progeny of purebred Angus and Simmental sires with known EPD and females from the old project. A detailed description of mating plans during the earlier stages of the project are given elsewhere (Hassen and Willham, 1994) .
Progeny were born in the spring (March through April), weaned in the fall, and started on feed in November. Cattle were fed a diet containing corn and corn silage with a level of concentrate up to 85%, and slaughtered at three age end points.
Cattle were ultrasonically scanned between the 12th and 13th ribs three to five times for external fat thickness ( UFAT) and longissimus muscle area ( ULMA) . Ultrasound measurements were made by a Beef Improvement Federation ( BIF)-certified technician using an Aloka 500-V unit (Corometrics Medical Systems, Wallingford, CT) equipped with a 3.5-MHz, 17.2-cm linear array transducer. The transducer was located laterally between the 12th and 13th ribs on the right side of the animal after the scanning site was determined by palpation. To establish good transducer-animal contact, the palpated area was clipped, oiled using vegetable oil, and curried until free from dirt and then reoiled for optimum image quality. A detailed account of animal preparation is given by Duello (1993) . With the exception of the 1st 2 yr, animal weights ( WT) were recorded during each scan session. Hip heights ( HT) and ultrasoundpredicted percentage of intramuscular fat ( UPIMF) were measured on 200 progeny.
Cattle were assigned to slaughter groups randomly within sire breed, with the first group being slaughtered at an average age of 423 d; subsequent slaughters took place at an average interval of 25 to 30 d. During each slaughter, animals were transported to a commercial packing facility within the next 2 to 3 d after the last scan and slaughtered according to regular plant practices. Carcass traits measured were hot carcass weight ( HCW) ; carcass 12th to 13th rib fat thickness ( CFAT) ; carcass longissimus muscle area ( CLMA) ; percentage kidney, pelvic, and heart fat ( KPH) ; and chemical percentage of intramuscular fat ( CIMF) . In all cases, hide pullers were used in the slaughter process. For more than 95% of the animals, CFAT values refer to the actual fat thickness measurements. However, for the remaining animals, from which some part of the fat cover between the 12th and 13th ribs was removed, CFAT was estimated based on fat cover in other locations on the carcass. Percentage of retail product (PRP) and retail product weight (RPW) were computed from the previously listed carcass traits using equations from BIF guidelines (BIF, 1996) and Epley et al. (1970) , respectively.
Statistical Analysis
Carcass Data. Slaughter traits in this report included HCW, PRP, RPW, CFAT, and CLMA. Effects of sex and breed composition were studied using descriptive statistical tools and analysis of variance techniques (SAS, 1989) . Initially, the model included fixed effects of slaughter age (covariate), breed composition (covariates), contemporary group (herdyear-frame size), sex, age of dam, and all possible twoand three-way interactions. None of the interaction effects was significant, and they were therefore dropped from the final model. Age of dam effect was significant ( P < .05) for HCW, RPW, and CLMA. Information from this analysis was used to produce the final model for evaluation of genetic parameters.
Genetic parameters were computed using the threetrait mixed model where Y i = vector of observations for the i th trait; X i = known incidence matrices relating fixed effects to the vector of observation for the i th trait; Z i = known incident matrices relating records for the i th trait to individual animal effects; b i = vector of fixed effects corresponding to slaughter age, breed composition, contemporary group, sex, and age of dam; a i = vector of random animal effects; and e i = vector of residual effects.
Fixed effects considered for each of the traits were those that were important ( P < .05) in the previous analysis of fixed effects. Means of a i and e i are assumed to be zero, and the following variancecovariance matrix was assumed: Genetic parameters were estimated for the overall data, for bulls, and steers using derivative-free REML algorithm (Boldman et al., 1993) . Data from heifers were not used in this part of the analysis owing to small sample size. Initially, data were subjected to the REML procedure of SAS (1989) , and variance estimates from this step and other literature reports were tried as priors. For each of the three-trait combinations, iterations were terminated when the variance of function values ( −2 log L) of the simplex was less than 1 × 10 −9 . The output from the initial analysis was used as a prior for the next run. This process was repeated until the best simplex function value remained the same (three significant decimal digits) in three consecutive runs.
Serially Measured Traits. In a preliminary evaluation of serial measures, data were subjected to analysis of variance procedures by scan session. Data were analyzed according to a linear model including herd-year, sex, sire breed, frame size, sire within breed, and linear effect of age. The quadratic effect of age was not important ( P > .05) for all traits in most of the scan sessions. Data from 1991 were not included because of a complete confounding of breed of sire and herd-year effects. The reason behind this analysis was to determine whether fixed effects such as breed and sex have any influence on the growth of serially measured traits and, if so, to determine when during the feeding period such influences become apparent. This information is crucial in order to ascertain the need to develop growth (prediction) models by breed and sex classes. In addition, a repeated measures model was used to determine whether data pooled over the years describe growth more adequately than the regression of the same traits within an individual animal.
Finally, regression procedures were used to characterize growth of serially measured ULMA, UFAT, WT, UPIMF, and HT. Regression analysis was made based on pooled data within sex and within breed of sire (Angus and Simmental), and within individual animal. In the evaluation of pooled data, two separate models were used. Model I included a linear effect of age, and Model II included the linear and quadratic effects of age. However, in further evaluations of within-animal regressions, Model II was dropped because the quadratic effect of age was not significant. The significance of sex of animal and breed of sire was further investigated using analysis of variance procedures on the regression parameters generated from the within-animal regressions.
Results and Discussion
Total observations used in this analysis are depicted in Table 1 . The number of slaughter groups ranged from a minimum of one in 1996 to a maximum of four in 1994-both at the Rhodes farm. In most years, there were a total of five scan sessions. The exceptions to this were in 1993 and 1996, again both at the Rhodes farm, which are represented by four scans. The sixth scan in 1994 represented only 20 animals, and, in some of the analyses, data from this session were not considered. There was an adequate distribution of observations by sex (bulls and steers) over the years, but data from 1992 represented steers only, and heifers were only represented in the last 2 yr of the study.
Carcass Data
Least squares means of slaughter data by sex are given in Table 2 . Bull carcasses were heavier, leaner ( P < .05), and had larger CLMA ( P < .05) than those Table 2 . Least squares means of carcass traits and differences in breed effect a HCW = hot carcass weight; PRP = percentage of retail product; RPW = retail product weight; CLMA = carcass longissimus muscle area; CFAT = carcass fat thickness.
x,y,z Least squares means in a row with different superscript letters are significantly different ( P < .05). **P < .01. Table 3 . Heritability, genetic, and phenotypic correlation between carcass traits a a Values above diagonal are genetic correlation, and those below diagonal are phenotypic correlation. The SE of h 2 for the overall data were, .11 (HCW), .09 (PRP), .11 (RPW), .09 (CFAT), and CLMA (.09).
b HCW = hot carcass weight, kg; PRP = percentage of retail product; RPW = retail product weight, kg; CLMA = carcass longissimus muscle area, cm 2 ; CFAT = carcass fat thickness, cm.
c NE = not estimated. Table 2 . The breed composition of animals was included as a covariate, and, therefore, as Van Vleck et al. (1992) explained, solutions in this model represent breed effect for the respective traits. The results indicate the importance of breed direct effect on carcass traits involving Angus and Simmental breeds. The differences suggest that, when expressed as a deviation from Angus solutions, the Simmental breed effect is large ( P < .01) and positive for HCW, PRP, RPW, and CLMA and is negative for CFAT. This result is in agreement with Gregory et al. (1994a,c) , who reported a higher performance ( P < .05) of Simmental-sired progeny for PRP, HCW, and CLMA but lower means ( P < .05) for traits that measure degree of fatness, compared with Angus progeny.
Genetic parameter estimates from a three-trait analysis are depicted in Table 3 . The results shown, for the overall data, bulls, and steers, are means from the different three-trait combinations. Genetic parameter estimates differed by a small amount from run to run. For instance, in the overall analysis of data, the standard deviation of heritability estimates in the different runs ranged from .001 (PRP) to .045 (HCW). In the overall analysis, Wright's numerator relationship matrix ( A ) contained 1,827 individuals, of which 914 had records. For the analysis computed by sex, A contained 1,086 and 911 animals for bulls and steers, respectively, with the respective 486 and 428 individuals with records. Furthermore, there were no inbred progeny in the data.
An overall h 2 of .33 for HCW found in this study is in close agreement with reported estimates by Gregory et al. (1995a) for steers in a composite population, but is higher than estimates of .23 and .20 reported by the same group of authors for steers of the overall and purebred data, respectively. However, the estimate in this study is smaller than several other reports, which ranged from .54 to .68 (Shelby et al., 1963; Cundiff et al., 1971; Koch, 1978; Benyshek, 1981) . Error variances were similar across sexes; therefore, the difference between bulls and steers in h 2 for HCW is due to a higher additive genetic variance in bull (522.6 kg) compared with 322.97 kg for steer data. However, owing to a small number of observations per sex, variance components were not subjected to statistical tests of significance.
The h 2 for the overall estimated PRP was extremely low, based on previous estimates (Cundiff et al., 1964 (Cundiff et al., , 1971 Dinkel and Busch, 1973; Benyshek, 1981; Lamb et al., 1990 ). An error variance value of 5.01 kg for PRP in bulls is closer to the estimate for steers of 4.41 kg. However, the additive genetic variance for estimated PRP of steers was nearly seven times larger (1.40 kg) than those of bulls (.19 kg), leading to a relatively higher h 2 value of .24 for steers compared with an h 2 value of .04 for bulls. This estimate of h 2 for steers favorably agrees with the reports of Lamb et al. (1990) and the average of the estimates in the reports of Cundiff et al. (1971) , but it is less than .4 (Cundiff et al., 1964) , .66 (Dinkel and Busch, 1973) , and .49 (Benyshek, 1981) .
The h 2 of estimated RPW for overall data was .33, which is the same as the average of h 2 values reported by Gregory et al. (1995a) for composite and purebred steers and is close to .38 for Hereford steer data (Dinkel and Busch, 1973) . Benyshek et al. (1981) reported a much larger difference in h 2 estimate for RPW between steers and heifers, but the combined estimate of .45 is much closer to the h 2 estimate of RPW for bulls in this study.
Overall h 2 estimates for CFAT and CLMA were similar. However, there was a clear difference in estimates between bulls and steers. The estimate of h 2 for CLMA in bulls is much closer to the overall estimate in the reports of Gregory et al. (1995a) and of Dinkel and Busch (1973) for CLMA adjusted to 272 kg HCW from steer data.
Even though the overall genetic correlation between HCW and PRP is closer to zero, the two traits showed a strong association that differed both in magnitude and sign when evaluated by sex. Previous estimates of genetic correlations between these traits for steers were negative but smaller in magnitude (Cundiff et al., 1971; Gregory et al., 1995a) . Hence, our results imply that bulls with a good genetic makeup for HCW are likely to have more than average rank in PRP, and the opposite is true for steer progeny. In addition, genetic correlations between PRP and RPW showed a similar magnitude but were opposite in direction when analyzed by sex.
Regardless of sex differences, there was a strong positive genetic association between HCW and RPW. These estimates closely agree with reports of Cundiff et al. (1971) . However, Koch (1978) reported a much lower estimate (.80) for heifers in three lines of Hereford cattle.
There is a general concern regarding differences in the estimate of genetic parameter by sex (Dolezal and Dikeman, 1995; Kriese and McElhenney, 1995; Wilson, 1995) . Several previous reports also have shown these differences for carcass and production traits (Benyshek, 1981; Mohiuddin, 1993; Koots et al., 1994; Gregory at al., 1995b,c) . In agreement with our results, some reports not only underscore differences in magnitude of estimates by sex, but also in their direction (Mohiuddin, 1993; Koots et al., 1994) . However, to date, no conclusive recommendation exists regarding how to make best use of information when data are generated from bull, steer, and heifer progeny. Kriese and McElhenney (1995) reported a higher estimate of genetic parameters when estimation is made by sex than when estimates are based on pooled data. Koots et al. (1994) stressed that, whenever sex differences were important, males showed a lower h 2 than females. The authors have suggested several reasons, including differences in scaling of genetic variance and a high selection pressure often applied to intact males. On the other hand, Dolezal and Dikeman (1995) attributed these differences between bulls and steers to the greater testosterone production in bulls. Regardless of the reasons, preliminary results perhaps do suggest the need to consider heterogeneity of variances.
Results of this study suggest that selection for HCW, using data from steer progeny, would increase CLMA, CFAT, and RPW but would reduce PRP. Based on data from the Germ Plasm Utilization ( GPU) program, Koch et al. (1995) suggested CFAT as a good indicator trait for lean percentage. The large and negative correlation between CFAT and PRP for steers confirms this strong pleiotropic action among genes influencing these traits, signifying that selection against CFAT would be most efficient for increasing PRP.
However, if data from bull progeny are considered, the same breeding objective as the above would increase CLMA and RPW. However, it also would result in an increase in PRP and a decrease in CFAT. That is, the same breeding objective is likely not only to result in a different rate of direct and correlated genetic change, but may also result in an opposite directional change in correlated response depending on the sex of progeny used as a source of information. Furthermore, the strong and positive genetic correlation between CLMA and PRP in bulls makes selection for CLMA a better alternative to selecting against CFAT to bring about a positive change in PRP.
One very important point that needs to be considered in the interpretation of results is the low number of observations used in the present study. For instance, the genetic correlation between CFAT and CLMA in bulls in the present study is not given because of problems in the estimation of the genetic variance for CFAT. Evaluation of components of variances for these traits showed a similar genetic covariance in both bull and steer data. However, the extremely low genetic variance for CFAT in bulls seems to inflate the genetic correlation between these traits.
Serially Measured Traits
Results of analysis of variance by scan session have revealed an important effect ( P < .05) of sex for all measures. Shown in Table 4 are the least squares means and SE of serially measured traits for bulls, heifers, and steers. Bulls showed a lower ( P < .05) UFAT than steers and heifers for all scan sessions.
The initial difference of .1 cm between bulls and steers had tripled by the last scan. However, differences between heifers and steers for UFAT were not important ( P > .05) for any of the sessions.
Contrary to the trend in UFAT, bulls started with a large ULMA ( P < .05) and consistently outranked ( P < .05) steers and heifers for all scans. The initial difference of 1.40 cm 2 between bulls and steers increased to 4.94 cm 2 by the last scan. Even though steers showed a larger ULMA than heifers, except for the first scan, differences between the two sexes were relatively small ( P > .05). Heifers were consistently lighter and had a shorter HT ( P < .05) than bulls and steers. Even though bulls were heavier than steers in all scans, differences between them were not different from zero ( P > .05). Bulls and steers did not differ ( P > .05) in HT measures. With the exception of the first and the last scans, bulls had a consistently lower mean UPIMF ( P < .05) than steers and heifers. Important breed differences were observed for UFAT and UPIMF for all scan sessions ( P < .01) ( data not shown). In all cases, Angus progeny showed larger UFAT and UPIMF values than Simmental progeny. However, Simmental progeny weighed more ( P < .01) and recorded larger ULMA ( P < .01) than Angus progeny, until these differences disappeared at the fourth (for WT) and fifth (for WT and ULMA) scans. Except for HT, the linear effect of age was significant ( P < .05) in most scan sessions. In contrast to reports of Hamlin et al. (1995) , evaluation of repeated measures in this study suggested a possible difference in conclusion if pooled data are used to describe growth instead of withinanimal regressions. The purpose behind this analysis was to determine how well the regression of traits on age using data pooled over the years describes growth as compared with individual animal regressions. When pooled over all years and scan sessions, both the linear and quadratic terms of age showed an important effect ( P < .01) on all serially measured traits. The single exception was for HT measures, in which the quadratic term was not different from zero ( P > .05). Furthermore, with the exception of UFAT and UPIMF, there were significant ( P < .05) effects of animal × age linear and animal × age quadratic interactions. The interaction terms suggest that the effects of age on the growth of these traits varies with individual animal, and, hence, growth in these traits may not be adequately represented by a single equation generated from pooled data. In addition to analysis of the overall data, a repeated measures model was tried on data pooled within sex. However, interaction effects were still important. Therefore, regression of serially measured traits on age within animal may provide a better representation of mean growth. This result favorably agrees with reports of Duello (1993) , who concluded that growth curves from the within-animal regression could better represent changes in growth and composition traits.
In order to demonstrate differences between pooled and within-animal regressions, evaluations were made using both approaches. Parameters for the regression of serial measures on age pooled within sex are shown in Table 5 . When a linear effect of age is fitted to the data (Model I), all regression coefficients and most intercept values were different from zero ( P < .01, P < .05). However, the slopes ( b L ) and the R 2 values for UPIMF seem to suggest no linear association with age when the trait is evaluated by sex.
Steer progeny showed a faster ( P < .05) deposition of UFAT per day than bulls. Even though steer regression coefficients were higher than those of heifers, these differences were not important ( P > .05) owing to a higher SE of heifer estimates. Unlike the trend for UFAT, steer ULMA grew at a slower ( P < .05) rate per day than those of bulls and heifers. Heifers grew slower than bulls and steers in WT and HT. A test of intercepts from the pooled within-sex analysis has indicated important differences for UFAT and ULMA. The intercept for the regression of UFAT on age in steers was much lower ( P < .05) than those of bulls. Similarly, the intercept for heifer ULMA was smaller ( P < .05) than those of bulls and steers. When Table 6 . Influence of herd-year, sex, and breed of sire effects on regression parameters a UFAT = ultrasound fat thickness, cm; ULMA = ultrasound longissimus muscle area, cm 2 ; WT = body weight, kg; HT = hip height, cm; UPIMF = ultrasound-predicted percentage of intramuscular fat.
b F = calculated F-statistics. c b L = the linear effect of age. Model II was fitted to the data by sex, except for UPIMF, the quadratic effect of age ( b Q ) was often not different from zero ( P > .05). For all sexes, the quadratic effect of age on UPIMF was negative ( P < .05), indicating that marbling in all sexes was leveling off. When data were analyzed by breed of sire (data not shown), with the exception of the coefficient for UPIMF of Simmental progeny, regression coefficients for Model I were different ( P < .01) from zero. Angussired progeny deposited more fat per day (.00251 vs .00182 cm) and marbled faster (.0069 vs .0001%) than Simmental progeny. However, growth in ULMA was higher for Simmental progeny (.1442 vs .1329 cm 2 /d). It should be noted that none of these differences in pooled regression parameters between sire breeds was important ( P > .05). Quadratic effects of age were different from zero ( P < .01) for UFAT and UPIMF when Model II was fit by breed of sire. The results indicate that, even though progeny of Angus and Simmental were depositing fat at an increasing rate, they were both leveling off in marbling. The quadratic effect of age on WT was also negative ( P <. 01) for Simmental-sired progeny. The R 2 and RMSE of Models I and II (Table 5 ) seem to suggest that no apparent advantage is gained by fitting the quadratic effect of age. That is, the quadratic effect of age is often not different from zero, and the proportion of total variance in the dependent variables accounted for by these two models is the same.
Generally, evaluation of data based on pooled regression analysis suggests differences in growth and composition of feedlot cattle based on sex and breed. Different intercepts of sexes for UFAT and ULMA suggest that a better representation of growth in feedlot cattle can be made by describing growth within sex rather than based on growth curves pooled across sexes. On the other hand, the animal × age linear and animal × age quadratic interactions in the within-sex evaluation of repeated measures need to be looked at seriously.
Reports of both Duello (1993) and Hamlin et al. (1995) stressed the importance of breed or biological types on growth. However, neither author provided a sufficient statistical test of differences in regression parameters. In this study, preliminary results on the effects that sex and breed have on growth and composition were further evaluated using analysis of variance. In this step, a regression of serially measured traits on age within animal (Model I ) was run. Each animal was then represented by a single intercept and regression coefficient per trait, and these were evaluated according to a linear mixed model including fixed effects of contemporary group (herd-year), sex, frame size, breed of sire, and random effects of sire within sire breed (SAS, 1996) . Owing to a complete confounding of breed of sire and contemporary group, data for 1991 were excluded.
Results for the above analysis of individual animal regression parameters are shown in Tables 6 and 7 . Except for UPIMF and ULMA, there was an important ( P < .01) effect of sex on the growth rate ( b L ) of serially measured traits (Table 6 ). Bulls had less growth ( P < .01) in UFAT than heifers and steers (Table 7) . Heifers, on the other hand, grew slower ( P Table 7 . Least squares means of regression parameters, mean R 2 , and root mean square error (RMSE) values from within-animal regression analysis a a UFAT = ultrasound fat thickness; ULMA = ultrasound longissimus muscle area; WT = body weight; HT = hip height; UPIMF = ultrasound-predicted percentage of intramuscular fat.
b Least squares means within a column with a different superscript are statistically significant ( P < .01). < .01) in WT and HT than bulls and steers. Similarly, sex differences showed a significant effect on intercept for UFAT ( P < .01). Unlike the results from the pooled analysis, breed differences showed a true difference ( P < .05) in the growth ( b L ) of UFAT and UPIMF measures (Table  6 ). Angus progeny deposited fat and marbled faster than Simmental progeny (means not shown). In addition, sire breed intercepts were significant ( P < .01, P < .05) for all serially measured traits.
Further differences between the two approaches (within-animal vs pooled) could be evaluated on the basis of R 2 and RMSE. For the pooled data, Models I and II have accounted for 0% in UPIMF to a maximum of 58% in WT of the variation in the independent variables (Table 5 ). For the withinanimal regression, the same models have accounted for a minimum of 62% in UPIMF to a maximum of 98% in WT. A similar trend was observed for RMSE. The use of the within-animal regression has reduced RMSE by a minimum of 44% to as much as 87% of the value when observations were pooled (Table 7) .
Another way of looking at the differences is to evaluate the magnitude and ranking of regression coefficients by sex. In most of the cases, the withinanimal regression coefficients are larger than values given for the same group (sex) from the pooled data. According to the results in the pooled data (Model I), bulls grew almost as fast as steers in HT and WT, and accumulated UFAT at a slower rate. The same conclusion was reached when the within-animal regression is used (Table 7) , even though regression coefficients for ULMA indicate re-ranking of sexes. When averaged by breed of sire, parameters from the within-animal regression often showed a similar ranking of breeds, but the differences in the regression coefficients were larger and sometimes double (WT) the difference, compared with results in the pooled analysis.
These results clearly indicate the importance of age differences in the growth and composition of feedlot cattle. However, regression parameters for the growth of ultrasound and live traits vary with sex and breed, suggesting a distinct difference in maturing pattern. The use of a single equation in this situation may give a fair ranking within a group (breed-sex). However, this practice would undoubtedly reduce group differences and substantially affect individual animal ranks if applied to a population of diverse sex and breed composition. Therefore, these results provide strong evidence for the need to produce growth (prediction) models by breed-sex classes so that data can be better adjusted to a constant age end point. In this regard, regression coefficients from the within-animal regression, averaged by breed-sex subclass, may provide a better alternative.
Implications
There exists a difference in breed direct effect large enough to make a choice between breeds for a specific breeding objective. The large genetic variation between individuals within a breed can be used to measure carcass traits and to make genetic improvement through selection. However, if ultrasound data are to be considered in genetic evaluation programs, development of an appropriate age adjustment strategy and possible differences in variance components that are due to sex need to be considered.
